Abstract. An operating geothermal power plant consists of installation units that work systematically in a network. The pipeline network connects various engineering structures, e.g. well pads, separator, scrubber, and power station, in the process of transferring geothermal fluids to generate electricity. Besides, a pipeline infrastructure also delivers the brine back to earth, through the injection well-pads. Despite of its important functions, a geothermal pipeline may bear a threat to its vicinity through a pipeline failure. The pipeline can be impacted by perilous events like landslides, earthquakes, and subsidence. The pipeline failure itself may relate to physical deterioration over time, e.g. due to corrosion and fatigue. The geothermal reservoirs are usually located in mountainous areas that are associated with steep slopes, complex geology, and weathered soil. Geothermal areas record a noteworthy number of disasters, especially due to landslide and subsidence. Therefore, a proper multi-risk assessment along the geothermal pipeline is required, particularly for these two types of hazard. This is also to mention that the impact on human fatality and injury is not presently discussed here. This paper aims to give a basic overview on the existing approaches for the assessment of multi-risk assessment along geothermal pipelines. It delivers basic principles on the analysis of risks and its contributing variables, in order to model the loss consequences. By considering the loss consequences, as well as the alternatives for mitigation measures, the environmental safety in geothermal working area could be enforced.
Introduction
Geothermal energy has long been known as a renewable energy resource with the environmental friendly benefits. However, exploiting geothermal energy could also bring a considerable consequence to the environment without implementing a proper risk management plan. Some environmental challenges that are common are: pollution (thermal, noise), wildlife disturbance, and geological hazards (seismic, landslide, subsidence) (DiPippo, 2012a). Moreover, some geothermal fields show a noteworthy number of disasters, especially landslides and subsidence that may bring disastrous consequences (see Table 1 ).
In a geothermal working area, the pipeline transfers geothermal fluids (steam, liquid, or mixture) from well-pads to the power plant, in the process of generating electricity. However, this essential function may pose a threat to its vicinity, manifested in a pipeline failure. Or else, the infrastructure may be impacted from disasters that may cause pipeline collateral damage. As a primary hazard, pipelines may deteriorate over time and cause failure, manifested in leakage, fracture, burst, etc. While as a secondary hazard, the disaster-induced threat (e.g. landslides, earthquakes, flash-floods, and subsidence) could also generate a pipeline failure. As a prime infrastructure, geothermal pipelines therefore require an assessment of multi-risk that specifically addresses the risk analysis and its contributing variables, to model the consequences. This multi-risk assessment conveys the possible impact that presents not only the probability of spatialtemporal occurrences, but also the consequence to monetary loss. Besides, risk assessment also encompasses the alternative decisions or strategies for handling the risks.
The importance of multi-risk assessment is within the scope of risk management framework, as proposed by UNISDR (2009); that is to purposively consider the perceived risk, and therefore could enforce the environmental safety. It provides risk information that would be required for selecting mitigation measures, e.g.: site development planning (pipe route, structure construction), operational measures (monitoring, preparedness, insurance, safety standard, regulation), and structural mitigation 
Components of the Disaster Risk Assessment
The risk-related terminology is described by UNISDR (2009). Disaster is the adverse disruption to the set of elements (physical, social, and environmental), once exposed by the hazard occurrence. While risk quantifies the probability of adverse consequences due to the exposure to hazardous events. UNISDR describes disaster risk analysis as a method to estimate the probability and consequence of risk, by analysing the component variables of hazard, vulnerability, and coping capacity. Moreover, risk assessment also evaluates the alternative decisions or strategies, related to the estimated risks (UNISDR, 2009; van Westen et al., 2011).
In multi-risk assessment, the loss consequence of several hazard types are estimated through scenarios of probable occurrences from each single hazard over periods of time. To this account, the • Scenario  a set of adverse situations (damage, failure, destruction, fatality, injury, pollution), resulting in the exposure of assets. These scenarios are used to quantify the consequences for different events.
• Likelihood  the probability appraisal on how likely each scenario may occur. It expresses the frequency in terms of probability or returning period, using historical occurrence data • Consequence  the quantified impact from each scenario that is implied in loss. The cost of the loss could be monetarized into direct and indirect cost (Doro-on, 2014; Muhlbauer, 2004): o Direct cost, e.g.: damages to property, fatality and injury, environmental remediation, profit loss, repair cost, market share disruption, fine and penalty o Indirect cost, e.g.: customer discontent, litigation ramification, political reaction, downstream business disruption (agriculture production)
Figure 1. Components of Disaster Risk Assessment
To depict the monetary value of risk, risk curve is used to plot the probability of the scenario against its estimated loss. Figure 2 illustrates the loss values that are represented by y-axis as the consequence value (monetary loss), and x-axis as the temporal-occurrence probability. The area under the curve presents the estimated loss value of total risk (van Westen et al., 2011).
Disaster reduction measures are needed to minimize and reduce the monetary loss. To evaluate the effectiveness of mitigation measures, Cost-Benefit Analysis (CBA) is applied. CBA conveys the beneficial appraisal of financial investment on risk reduction measures, e.g.: structural mitigation, monitoring instrument, and warning system. These risk reduction measures could also apply as a variable of coping capacity. 
Approaches for the Assessment of Landslide and Subsidence Hazards

Landslide
Landslide is the phenomenon of soil or rock movement downslope, generated by the force of gravity, which may occur in areas with susceptible slopes, geology, and other precursor events (e.g. earthquake, extreme precipitation) (DiPippo, 2012b; Highland & Bobrowsky, 2008) . Landslide in the geothermal fields occur more frequently due to the presence of hydrothermal alteration zones, and highly weathered materials (Huang & Tian, 2006 ). This hydrothermal alteration may produce thick soil; and with weathering effects could contribute to slope instability (DiPippo, 2012b).
Many approaches are available to assess landslide susceptibilities in qualitative and quantitative ways, that can be seen from Table 2 (ENV-1 Fluid pressure supports the overburden cap soil. Subsidence is likely to happen in the formations with lithostatic fluid pressure, than with hydrostatic fluid pressure. The fluid withdrawal greater than recharge can decrease the pressure. Subsidence can take place in poorly compacted soils like thermal clays; and less frequent in competent formations (where permeability of fracture dominates) (DiPippo, 2012b).
Some approaches to assess subsidence susceptibility are by field reconnaissance of ground displacement, e.g. through:
• Feature and geological observation (sinkhole, fault, wells, submergence),
• Ground-based levelling (geodetic measurement),
• Geophysical or geotechnical analysis for gravity measurement;
• Remote sensing technique by radar or Lidar interpretation
Geothermal Pipeline Impact Analysis (Pipeline Failure Probability)
Pipelines may experience disruption or failure due to extreme stress or impact, e.g. mass movement or subsidence. Subsequently, the pipeline failure may also cause environmental consequences due to hazardous material release that may contain flammable, toxic, corrosive, or carcinogenic substances (see Figure 3 ). This pipeline damage or failure can be categorized as: leakage, spill, release, crack, breakage, fracture, blockage, rupture, collapse, or burst. Based on the analysis of historical failures, there are four types of pipeline failure mechanisms, that are caused by: (1) third party or external force, like ground movement; (2) corrosivity from material product, atmosphere, and subsurface; (3) pipeline structural design, related to construction, fatigue, integrity; (4) 
Primary Failure
The physical pipeline characteristics can be used as a base for the analysis of element at risk. Pipeline engineering principle on its structural design is associated with the pipeline strength, toughness, safety, integrity, and value; in response to the abnormal stress from disaster exposure. Therefore, pipeline physical characteristics can account as a basic consideration for failure event scenarios. Table 3 There is always a certain level of uncertainty on how pipelines behave or respond, once subjected to extreme conditions or abnormal stress. To this account, interaction between soil and pipelines is considered in the soil spring stiffness analysis. It presents soil loads direction acts towards the pipeline resistance (ENV-1 et al., 2009 ). Therefore, besides the pipeline physical characteristic, soil properties should also be analysed. This geotechnical analysis should model soil spring stiffness through soil variables i.e.: friction, cohesion, saturation, and permeability.
Secondary Failure
The dispersion of hazardous material release may contaminate the environment. The spatial impact to the environment may differ, based on: (1) failure characteristics (type, size, volume released); (2) environmental conditions (weather, morphology, geology, soil); (3) preparedness and response (detection and warning system).
Generally, the environmental effects from pipeline failure can be characterized from several proxies, e.g.: infiltration, drainage, groundwater, weather, landcover, and slope. These can be used to determine hazard zones that are in approximate distance from the possible occurrence of pipeline failure. Hazard zones along the pipeline network may have different characteristics in terms of pipeline structure and environmental characteristics. Therefore, grouping the pipeline into segments is a practical way to assess the risk. Basically, the segmentation could be done by: (1) fixed-length, or (2) dynamic segmentation on certain criteria or parameters. The hazard susceptibility analysis can then identify the hazard density for each pipeline segments (See Figure 4) . 
Discussion
The assessment of multi-risk along the geothermal pipelines is still not sufficiently studied and understood. There is a need to develop new methods to address the disaster risk assessment in geothermal fields; that is taking into account the hazard, vulnerability, and capacity analysis for enforcing the environmental safety. Therefore, it is important to find the best practical method to model the probable scenarios in terms of spatial-temporal probability of pipeline failure and possible monetary loss. 
